Background/Aims: The SYNERGY (Saizen ® for Your New Life and Brighter Tomorrow without Growth Deficiency) study is the first randomised multi-centre, open-label study to assess the short-term efficacy and safety of this recombinant human growth hormone (r-hGH) preparation for prepubertal children with idiopathic short stature in South Korea. Methods: The SYNERGY study (ClinicalTrials.gov NCT01746862) was conducted at 9 centres throughout South Korea between December 2012 and March 2015. The primary endpoint was difference in height velocity from baseline to 6 months in the treatment and control arms. Results: 97 children were screened; 90 were randomly assigned: 60 children to 0.067 mg/kg/day r-hGH for 12 months (treatment) and 30 children to 6 months of no treatment followed by 0.067 mg/ kg/day r-hGH for 6 months (control). The 6-month mean height velocity in the treatment group increased from 5.63 cm/year (SD 1.62) to 10.08 cm/year (SD 1.92) (p < 0.0001) and from 4.94 cm/year (SD 1.91) to 5.92 cm/year (SD 2.01) (p = 0.0938) in the control group (between-group difference 3.47 cm/year, 95% CI 2.17-4.78; p < 0.0001). Adherence was > 90% throughout the study. The safety profile was consistent with that already known for r-hGH. Conclusion: Treatment with r-hGH in the SYNERGY study demonstrated a statistically significant increase in height velocity at 6 months.
Introduction
Short stature [1] and growth failure [2, 3] are some of the most common causes for referral to paediatric endocrinology clinics, general paediatricians, and primary health care physicians [3] .
Although many of the causes of short stature and growth failure have been identified, children who fulfil the criteria for these disorders but who have no evidence of systemic, endocrine, nutritional, or chromosomal abnormalities, and who have normal simulated growth hormone (GH) concentrations, are commonly diagnosed under the umbrella term of idiopathic short stature (ISS). The causes of ISS are likely to be heterogeneous and related to subtle disorders of GH secretion or sensitivity or a combination of genetic factors that influence growth plate biology, and are unlikely to be picked up during conventional diagnostic workup [4, 5] . Even with the advent of comprehensive molecular studies, the diagnosis of ISS remains based on auxological assessment (height below -2 standard deviation scores [SDS] ) and the exclusion of other causes [6] .
Children with ISS are of normal size at birth but grow slowly during early childhood, meaning their height generally falls within the range for ISS by the time they start school [3] . In the long term, untreated children with ISS will usually be shorter than their predicted adult heights and significantly below their genetic target height, potentially resulting in detrimental effects on quality of life, necessitating early identification and treatment [7] [8] [9] [10] [11] .
Treatment of ISS with somatropin (recombinant human GH [r-hGH]) was approved by the United States Food and Drug Administration (US FDA) in 2003, and several formulations of r-hGH have shown short-term efficacy (improvements in height velocity) and long-term efficacy (attainment of near-adult height) in children with ISS [4, 6, 12, 13] . In South Korea, the r-hGH preparation Saizen ® (Merck KGaA, Darmstadt, Germany) is approved for the treatment of children with growth failure associated with GH deficiency, chronic renal failure, Turner syndrome and for children born small for gestational age. Saizen ® is not currently approved for ISS in South Korea.
The SYNERGY (Saizen ® for Your New Life and Brighter Tomorrow without Growth Deficiency) study is the first randomised multi-centre, open-label study to assess the short-term efficacy and safety of r-hGH for children with ISS in South Korea. The aim of the SYNERGY study is to expand the indication of this preparation of r-hGH as an additional option for the treatment of children with ISS in Korea.
Methods

Study Participants
The SYNERGY study (ClinicalTrials.gov NCT01746862) was a 12-month, open-label, randomised, two-arm, parallel group, delayed-treatment group-controlled (6 months of no treatment followed by 6 months of treatment with r-hGH 0.067 mg/kg/day, 6 days per week) phase III study. SYNERGY was conducted at 9 centres throughout South Korea between December 2012 and March 2015. The aim of SYNERGY was to assess the efficacy and safety of treatment with r-hGH in prepubertal children with ISS.
Children were eligible for inclusion if they had official height records available and were ≥5 years of age; were prepubertal; had height < 3rd percentile for the Korean National Growth Charts for the same age and sex; had peak serum GH > 10 µg/L in at least 2 GH stimulation tests; were naïve to r-hGH therapy; had a gestational age > 34 weeks and an appropriate birth weight, normal thyroid function and karyotype (girls); and had bone age ≤9 years in girls and ≤10 years in boys with no more than 3 years' difference from chronological age. Children were excluded if they were diagnosed with predesignated pathological processes. Children were also excluded if they entered puberty (testicular volume ≥4 mL in boys or breast Tanner stage ≥2 in girls) during their participation in the study.
The SYNERGY study was conducted in compliance with the clinical study protocol, Good Clinical Practice, and the applicable Korean regulatory requirements. The institutional review board at each study site provided favourable opinion/approval, and the principal investigators were responsible for the conduct of the study. Written assent of the child and written informed consent of the parent/guardian to participate in the study were obtained before any study-related activities were carried out.
Study Procedures
Following informed consent, screening-related procedures were carried out during a period of up to 28 days. Eligible children were then randomly assigned in a 2: 1 ratio, using a permuted block randomisation method based on the order of recruitment at each participating centre, to receive 0.067 mg/kg/day r-hGH for 12 months (treatment group) or no treatment for 6 months followed by 6 months of treatment with r-hGH 0.067 mg/kg/day (control group). Randomisation codes were generated centrally by a contract research organisation. No masking to treatment allocation was carried out.
The primary endpoint of SYNERGY was the change in height velocity from baseline to 6 months between the treatment and the control groups. Secondary endpoints were the between-group change in height velocity at 12 months; height and height SDS; IGF-1 and IGFBP-3 concentrations at 6 and 12 months; treatment adherence; and overall safety profile.
At each centre, children were assessed at weeks 13, 26, 39, and 52 for auxological parameters (e.g., height and weight measurements), potential adverse events (AEs), dispensing of the study drug and diary entries (to evaluate adherence and concomitant medications), and review of the techniques for reconstitution using click easy ® and injection using easypod ® . An additional visit was conducted at 56 weeks to assess any AEs that may have developed or persisted since the last dose of r-hGH. Radiological evaluation of bone age [14] was undertaken at screening and at weeks 26 and 52 by an independent investigator blinded to treatment group and Data are n (%) or mean (SD). Data are reported in the safety population (treatment n = 59 [1 child did not receive the study drug and was excluded]). BMI, body mass index; GH, growth hormone; IGF, insulin-like growth factor; IGFBP-3, insulin-like growth factor binding protein 3; r-hGH: recombinant human growth hormone; SD, standard deviation; SDS, standard deviation score. 1 Mean of 2-3 measurements per child. 2 Bone age calculated from radiographs of the wrist assessed by 2 investigators according to the standards of Greulich and Pyle [14] . 3 Target height was estimated from sex-adjusted midparental height (father's height -mother's height)/2; gender adjustment was achieved by adding 6.5 cm for boys and subtracting 6.5 cm for girls [30] . 4 Target height SDS was calculated as 0.72 multiplied by (father's height SDS -mother's height SDS)/2 [31] . verified by a second investigator at a different centre. Routine serological and haematological tests were done at screening and at week 26 and week 52. IGF-1, IGFBP-3, HbA1c, and thyroid function tests were done at the screening visit and at weeks 13 (treatment group only), 26, 39, and 52. Serum IGF-1 and IGFBP-3 concentrations were assessed at an independent central laboratory (Seoul Medical Science Institute, Seoul, South Korea) using commercial assays (Immulite, Siemens Healthcare Korea, Seoul, South Korea). Sexadjusted and age-adjusted IGF-1 SDS and IGFBP-3 SDS were calculated using commercial software (SDSeasy, Medidiagnost, Reutlingen, Germany). Cross-calibration of the assays showed that data from the Immulite IGF-1 assay could be used directly to calculate the IGF-1 SDS, whereas data from the Immulite IGFBP-3 assay required conversion using the following formula: IGFBP-3 (Mediagnost) = IGFBP-3 (Immulite) × 0.3644 + 1.392.
Statistical Analyses 72 children with ISS were estimated to provide > 90% power to detect a statistically significant difference in height velocity, expecting a difference of 2 cm/year between groups after 6 months. To achieve this number, an estimated 87 children with ISS were required for randomisation. Only the primary endpoint was used to determine statistical significance of the treatment effect. All other p values are presented for information only.
The primary endpoint was analysed in the intention-to-treat (ITT) population (all children who were randomly assigned to a treatment group and had at least 1 post-baseline height measurement) using two-sided analysis of covariance (ANCOVA), adjusted for baseline age and height as covariates and with last observation carried forward (LOCF). Between-group differences are leastsquares mean differences. Sensitivity analyses of the primary endpoint were done in the ITT population without LOCF and in the children who completed the study (per-protocol population).
Analyses of the secondary endpoints were exploratory and reported in children in the ITT population who completed the study. Only available data were used in the analyses of the secondary endpoints. Safety outcomes were reported in children who received at least 1 dose of r-hGH and had post-baseline safety data. The oc- currence of AEs and serious AEs, according to entries in the treatment diaries, was compared using Fisher's test. Adherence was calculated from the proportion of prescribed doses administered according to drug diaries. Nonadherence was defined as receipt of < 75% of expected injections.
Results
Children 97 children with ISS were enrolled and screened across the 9 study sites in South Korea. Of these, 90 children met the eligibility criteria and were randomised (60 to the treatment group and 30 to the control group; ITT population [ Fig. 1]) .
Demographics were similar between the two groups ( Table 1 ). The flow of children through the study is shown in Figure 2 . 89 children in the ITT population received ≥1 dose of r-hGH (safety population). Analysis of the primary endpoint was done in the ITT LOCF population (59 children in the treatment group [1 child had no data after screening] and 29 children in the control group [1 child had no post-baseline measurements]; Fig. 2 ). Six of these children (4 in the treatment group and 2 in the control group) were missing measurements at 6 months; the 6-month values for these children were reported as LOCF. One subject who was born at a gestational age of 30 weeks was enrolled in the study before the protocol was amended to only include subjects > 34 weeks of gestation; however, this subject was judged to have a normal weight (1.5 kg) based on gestational age and was included in the analyses. 79 children completed the study to 12 months, 78 without any protocol deviations (per-protocol population).
Primary Endpoint
The mean increase (±SD) in height velocity from baseline to 6 (Fig. 3) . Sensitivity analyses gave similar between-group differences to the LOCF analysis in both the ITT population without LOCF (3.75 cm/year, 95% CI 2.51-5.00; p < 0.0001 by ANCOVA) and in the per-protocol population (3.85 cm/ year, 95% CI 2.58-5.12; p < 0.0001 by ANCOVA).
Secondary Endpoints
Adherence was > 90% throughout the study (treatment group: 94.38% at 6 months and 93.27% at 12 months; control group: 95.69% at 12 months).
The mean increase (±SD) in height velocity from baseline at 12 months was 3.77 cm/year (2.21) in the children who had received r-hGH for 12 months (treatment group) and 2.86 cm/year (1.95) in the children who had received r-hGH for only the last 6 months of the study (control group). The between-group difference at 12 months was 0.96 cm/year (95% CI -0.04 to 1.97, p = 0.0598 by ANCOVA).
Children in the treatment group had a statistically and clinically greater increase in mean height compared with those in the control group at 6 months (difference 2.27 cm, 95% CI 1.83-2.71; p < 0.0001 by ANCOVA) and 12 months (difference 1.50 cm, 95% CI 0.87-2.13; p < 0.0001 Intention-to-treat with LOCF. Treatment group: n = 59 (1 patient was excluded from the baseline and change from baseline analyses owing to no height value recorded for 6 months prior to screening; this patient withdrew and there were no data after visit 1). Control group: n = 29 (6-month height measurements were missing for 3 children; these were replaced by measurements at withdrawal for 2 children; 1 child had no post-baseline measurement and, therefore, was not included in the analysis). LOCF, last observation carried forward; r-hGH, recombinant human growth hormone; SD, standard deviation. by ANCOVA) (Fig. 4) . The mean change in height SDS was also statistically and clinically greater in the treatment group than in the control group at 6 months (difference 0.51, 95% CI 0.42-0.60; p < 0.0001 by ANCOVA) and at 12 months (difference 0.33, 95% CI 0.21-0.45; p < 0.0001 by ANCOVA) (Fig. 4) . At baseline, there were no differences between groups in age-adjusted and sex-adjusted serum IGF-1 SDS Reasons for discontinuation in the control group: 2 parents/guardians withdrew consent; 1 child withdrew consent. SD, standard deviation; SDS, standard deviation score. n/a n/a n/a n/a Any TEAE leading to death 0 (0) 0 0 (0) 0 r-hGH, recombinant human growth hormone; TEAE, treatment-emergent adverse event; n/a, not applicable. (-0.6 ± 1.0 vs. -0.5 ± 1.3) and IGFBP-3 SDS (0.4 ± 0.6 vs. 0.5 ± 0.6) ( Table 1 ). In the control group, mean IGF-1 SDS and mean IGFBP-3 SDS did not change during the first 6 months but increased after treatment with r-hGH started (IGF-1 SDS: from -0.5 ± 1.2 to 1.1 ± 1.3; IGFBP-3 SDS: from 0.4 ± 0.5 to 0.6 ± 0.5). In the treatment group, IGF-1 SDS increased to 1.0 ± 1.2 after 6 months and 1.3 ± 1.1 after 12 months, and IGFBP-3 SDS increased to 0.8 ± 0.5 after 6 months and 0.8 ± 0.5 after 12 months (Fig. 5) . The mean between-group increase at 6 months, with baseline SDS (IGF-1 or IGFBP-3, as appropriate) and age as covariates, was significant for both biomarkers (p < 0.0001). Throughout r-hGH treatment, the mean IGF-1 SDS and IGFBP-3 SDS values were within the upper normal range. At 12 months, IGF-1 SDS was > 2 in 19 of 79 (24%) patients. At 12 months, IGF-1 SDS was > 3 in 4 of 79 (5%) patients, all of whom had IGFBP-3 SDS > 1.2.
In a post hoc analysis, no differences in BMI SDS were seen between the treatment and control groups at 6 months (least-squares mean difference between groups -0.15, 95% CI -0.42 to 0.12; p = 0.8513 by ANCOVA) or at 12 months (-0.15, 95% CI -0.39 to 0.09; p = 0.4854 by ANCOVA).
AEs were reported in 42 (71%) children (179 events) in the treatment group and 18 (60%) children (83 events) in the control group throughout the full 12-month period ( Table 2 ). The most common AEs reported in both groups were nasopharyngitis (24 children [41%] in the treatment group and 9 children [30%] in the control group), upper respiratory tract infection (14 children [24%] in the treatment group and 9 children [30%] in the control group) and pyrexia (4 children [7%] in the treatment group and 3 children [10%] in the control group). Five serious AEs were reported for 3 children in the treatment group (1 chronic tonsillitis, 2 adenoidal hypertrophy, 1 tonsillar hypertrophy, and 1 croup infectious) and 3 serious AEs (1 chronic sinusitis, 1 pyrexia, and 1 T-cell lymphoma) were reported for 1 child in the control group. This child experienced T-cell lymphoma during the nontreatment period and had not been exposed to rhGH during the whole study period. None of the serious AEs were considered by the study investigators to be treatment related.
Two AEs (hypothyroidism and headache) in 1 child in the control group during the treatment period in the second 6 months of the study were possibly related to the study treatment. No clinically significant changes in laboratory values, physical examinations, or vital signs were observed and no deaths or AEs leading to treatment withdrawal were reported.
Discussion
The results reported in this publication are from the first randomised clinical study (SYNERGY) on the shortterm height outcomes of r-hGH in prepubertal Korean children with ISS. Several studies have previously been conducted on r-hGH treatment in mixed populations of children with ISS across other regions [12] . However, only a few of these were randomised nontreatment controlled trials in prepubertal children that reported on short-term (up to 12 months) improvements in height outcomes, as are reported in this paper [15] [16] [17] [18] . Furthermore, the parallel group design and the large number of well-defined children reported here make this study one of only a few that provide an objective assessment of rhGH treatment in a population that is representative of children with ISS. The population reported here will most probably comprise the target population for this indication.
The results of the SYNERGY study show that Korean children treated with r-hGH had clinically relevant and statistically significant increases in height velocity over 6 months, and continuous treatment led to clinically relevant growth enhancement for up to 12 months. The mean change in height SDS was statistically significant and clinically relevant at 6 months but not at 12 months, which is consistent with other clinical studies of r-hGH in children with ISS. The safety profile of r-hGH treatment in this new indication was comparable to the already approved indications. Although our data cannot be extrapolated to long-term height gains, the short-term responses to rhGH in the first 6-12 months of treatment have correlated with long-term efficacy. This finding has been reported in prediction models based on large cohorts treated in standard clinical practice whose progress is followed in observational databases [13, 19, 20] . Furthermore, in one published randomised controlled trial of somatropin treatment versus nontreatment in a small cohort of short girls who were prepubertal at the start of treatment, favourable gains in near-final height were achieved over a mean period of 6.2 years of treatment, with no untoward effect on pubertal progression [21] . In accordance with these data, there is good reason to expect that the children treated with r-hGH in the SYNERGY study are likely to have a good chance of reaching an improved near-final height.
Despite the paucity of available diagnostic tests for ISS, height deficits will already be evident in children by the time they start school. This means that investigations and the commencement of treatment can usually be achieved at an early age, giving a child the best chance of achieving the most favourable height outcomes as an adult [4, 12, [22] [23] [24] . Older children, including those who have started pubertal development, may still also benefit from treatment with r-hGH. To remove the confounding effect of the pubertal growth spurt on the short-term growth outcomes, we included only younger children who had not entered puberty in the SYNERGY study. There are several published trials that report favourable final-height outcomes following treatment in pubertal or peripubertal children [21, 23, 25, 26] . Furthermore, although the children in the control group were still prepubescent during the second phase of the study, these children achieved a height velocity that was similar to that achieved in the treatment group after 6 months of treatment with r-hGH. This finding further supports the clinical relevance of the treatment effect and possibly provides evidence of catch-up growth response to r-hGH in older children.
Based on previously published data reporting on dosedependent effects on first-year height velocity and subsequent gain in adult height [23, 24] , a dose of 0.067 mg/kg for 6 days per week (0.4 mg/kg/week) was chosen as the dose most likely to give an optimum response over the initial 6 months. This dose is within the generally accepted range of doses used for the treatment of children who do not have GH deficiency [6] .
After the start of high-dose r-hGH therapy, supra-normal IGF-1 concentrations (> 2 SDS) were observed in 24% of patients; this is comparable to the proportion of patients with supra-normal IGF-1 concentrations in other studies of high-dose r-hGH treatment [27] . Increased IGF-1 concentrations may be cause for concern, on the basis of epidemiological studies in healthy adults that showed a slight association between high IGF-1 and the development of some forms of cancer [28] . However, the relevance of such studies for paediatric patients treated with r-hGH has not been established, according to the consensus statement of paediatric societies [29] .
There are some limitations that must be taken into account when interpreting the results of this study. In studies of children with ISS, the cohorts are commonly heterogeneous regarding the causes of short stature. Furthermore, treatment responses with r-hGH may fluctuate in clinical practice, even though the population reported here was considered to be representative of children with ISS who would receive treatment with r-hGH. Although this study was adequately powered, the population was still small. To present the full picture of the effect of treatment length and timing on the final height that is achieved in this population, a greater number of children would need to be treated with r-hGH and followed up for longer. Finally, although the trends reported here are in line with those reported for final height, the effect on final height after a longer duration of treatment has been reported for several studies [13, 21, 23, 25] .
In conclusion, continuous treatment with r-hGH in the SYNERGY study demonstrated clinically relevant and statistically significant growth enhancement after 6 months, which was maintained over 12 months of continuous treatment. Despite a delayed start to treatment, children in the control group showed catch-up growth in response to 6 months of treatment that was comparable DOI: 10.1159/000491016 to that seen in the treatment group after the first 6 months of treatment. The safety profile for the SYNERGY study was consistent with the known profile of r-hGH and no new safety concerns were reported for the children with ISS treated with r-hGH.
